The mineralogical phase of eight different types of contemporary and historical ceramic tile samples used in Kathmandu valley of Nepal was analyzed using their X-ray diffraction (XRD) patterns and Fourier transform infrared (FTIR) spectra to assess their quality. Mineralogical phases existed in these eight different tile samples, i. e., three wall, three floor and two ancient tile sample specimens, used in this study are identified as quartz, feldspars, spinel, mullite and hematite including paragonite with the help of the corresponding Joint Committee for Powder Diffraction Standards (JCPDS) database files. The firing temperature applied during the time of these ceramic tiles production should be 1000° C or slightly more. The mineralogical compositions of the contemporary tile samples are found to be comparable with those of the ancient brick samples of the historical temples and monuments of Kathmandu valley of Nepal.
Introduction
It has been recently attracted more attention by ceramic materials than other two classes of metallic and polymeric materials in scientific community (Carter and Norton, 2007; Barsoum, 2003) , because ceramic materials have advantageous physical, chemical, refractoriness, strength retention at high temperature, high melting point and good mechanical properties (Basu and Balani, 2011; Richerson, 2000; Kingery et al., 1976) . Ceramics are generally classified into two main groups of traditional and engineering ceramics on the basis of the field of their uses. The traditional ceramics are largely made by clay based and are typically involved low-cost fabrication processes, although the engineering ceramics are fabricated from highpurity ceramic powders and their properties can manipulate by varying process parameters. The engineering ceramics are more expensive than the traditional ceramics (Yanagida et al., 1995) . The traditional ceramics is a class of inorganic materials that have ionic and/or covalent bonding at high temperature (Basu and Balani, 2011; Kingery et al., 1976) . Historically, the use of the existing ceramic industries was dated back to 1500 BC. Early evidence of the use of clayor pottery-based materials was found in Harappan, Chinese, Greek and many other civilizations (Basu and Balani, 2011; Richerson, 2000) . One of the famous examples of the
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The main uses of the traditional ceramics are in various fields such as structural materials, ceramic tiles, table wares, bricks and so on. The ceramic tiles are thin/thick slabs made from clays, silica, fluxes, colouring and other raw materials and they are manufactured by grinding, sieving, mixing, moistening, shaped by pressing, extruding, casting or other processes, usually at room temperature. Then, they are dried and subsequently sintered at high firing temperatures. Chemico-sintering and mechanical properties of these tile bodies vary with their mineralogical phases contains and the degree of densification at high firing temperatures and so on. Different clays and admixtures are the principal raw materials for manufacturing of various tiles (Cultrone et al., 2001) . The mineralogical phase composition of the raw materials used for the production of ceramic tile is one of the main indicators of components selection for its final products. On the other hand, the mineralogical study of the clay-based tiles is one of the widely accepted tools for the approximate determination of their firing temperatures. In this context, present research work was focused to characterize the mineralogical phases developed in the fired-tile samples collected from local vendors of Kathmandu valley using XRD and FTIR techniques.
Materials and Methods
Total eight wall, floor and ancient ceramic tiles of different brands were collected from local tile dealers and two historical temple sites of Kathmandu valley were collected to carry out the present work. A small broken piece of each tile samples without glaze was thoroughly hand grounded to fine powder in agate mortar to make powder for XRD and FTIR analyses.
Mineralogical phase characterization of the ceramic tile samples was carried out at Nepal Academy of Science and Technology (NAST), Khumaltar, Lalitpur using XRD analysis on a D8 Advanced Diffractometer (Bruker, Germany) with Cu Kα radiation (λ = 0.15418 nm) at a scanning speed of 2 o /minute in 2θ mode between 10° and 70°. Major and minor phases present in the tile bodies were identified from their basal spacing (d-spacing) values using corresponding JCPDS (Joint Committee on Powder Diffraction Standards) database files (JCPDS, 1999) . The sample powder was loaded in a sample holder in a randomly orientated way to minimize preferred orientations of clay minerals. Characterization of the tile specimens were qualitatively determined using FTIR-A217053 and spectra was recorded at NAST using KBr pellet.
Results and Discussion
Identification of the mineralogical phases present in tiles by XRD patterns is relatively easy, although several factors make complication for accurate phase identification (Berry, 1994; Chung and Smith, 1974) . Figures 1, 2 and 3 show the XRD patterns of the powder form of three different types of wall (TW-6, TW-13 and TW-37), floor (TF-2, TF-21 and TW-36) and ancient (TA-33 and TA-34) tile samples, respectively, collected from local vendors and historical temples of Kathmandu valley. The mineralogical phases present in all eight selected ceramic tile samples are identified as quartz, feldspars, spinel, mullite and hematite including paragonite in TF-21 sample (Fig. 2) with the help of the corresponding JCPDS database files (JCPDS, 1999) .
The disappearance of feldspars diffraction peaks and appearance of spinel and mullite peaks is comparatively more pronounced in four tile samples of TF-2, TF-36 (Fig.  2) , TA-33 and TA-34 (Fig. 3) than remaining other four tile samples of TW-6, TW-13 and TW-37 (Fig. 1) . The result indicates that the firing temperature of these eight tile samples should not be same. It was reported that a spinel phase was appeared in ceramic bodies after fired at above 900°C and then the primary mullite phase begin to develop at about 1000-1100°C with diminishing XRD peaks of the spinel phase and finally well shaped mullite crystals was reported at firing to 1200°C or high temperatures (Ghorbel et al., 2008; Bellotto et al., 1995; Brindley and Nakahira, 1995; Sonuparlak et al., 1987) . However, the mullite phase in these eight tile samples analyzed in present is not well crystalline form. Consequently, it can be said that all the analyzed tile samples used in this study should be fired at high temperature of 1000°C or slightly high.
The development of miner with major mineralogical phases due to the impurities of clay raw materials have been reported a negative effect on the physico-sintering and mechanical properties of the fired ceramic bodies (El Nouhy, 2013). The XRD peak for hematite is mostly due the impurity of iron oxide in the tile making raw materials which is observed in all eight tile samples. However, there is no sign of the presence of calcite and dolomite phases in the presently analyzed all tile samples and the presence of spinel, mullite and residual forms of quart indicated that these tile samples should have good physico-sintering and mechanical properties which had reported by the present authors (Chapagain, 2017) . It was reported that the mechanical strength of the ceramic bodies was due to the formation of mullite, residual quartz content and its particle size (Sokolár et al., 2012; Traore et al., 2007) . In general, the mechanical properties of the tiles are worsening in presence of undesired phases observed in XRD patterns of the fired ceramic tiles. Therefore, it is assumed that the flexural strength of the fired tile bodies depends on their composition and void developed during the sintering at high temperature (Cultrone et al., 2005; Tite et al., 2001) . Budhathoki et al. (2018) Int. J. Appl. Sci. Biotechnol. Vol 6(3): 238-243 This paper can be downloaded online at http://ijasbt.org&http://nepjol.info/index.php/IJASBT The FTIR spectra of some selected six tile samples were recorded to evaluate their mineralogical phases which are depicted in Fig. 4 . The absorption peaks between 3750 and 3500 cm -1 are diminished and a broad absorption peak in the range of 3435-3450 cm -1 was clearly observed in the FTIR spectra of all the analyzed tile samples. It was reported that a broad band near 3420-3480 cm -1 represents to the OH stretching vibration along with a weak and medium absorption band at 1620-1650 cm -1 is typical absorbance band of adsorbed water molecule (Bantignies et al., 1997) . Hence, the broad band at 3435-3450 cm -1 for the aforementioned tile bodies is attributed to OH stretching vibration of hydroxide in the analyzed samples. This absorption band region is always accompanied by an absorption band at 1620 and 1626 cm -1 assigned to H-O-H bending of adsorbed water molecules.
In general, broadening of the FTIR spectra is also influenced the firing temperature range of the ceramic bodies such as ceramic tiles. Higher the firing temperature applied during the production of the tiles bodies, more broadening of the FTIR spectra of the tile samples at the region of the OH stretching vibration of hydroxide. It is clearly observed that the degree of broadening of the FTIR spectrum in the range of 3200-3700 cm -1 is almost same for all analyzed tile samples except TA-33 and TA-34 as shown in Fig. 4 . This is probably due to the use of higher firing temperature at the time of manufacturing of the TA-33 and TA-34 than other four tile samples. The absorption peaks at 2359 and 2327 cm -1 should be affected by the measurement condition error, probably due to the room CO2 gas. The similar result was reported in previous research works also (Alabarse et al., 2011; Smith 1996) . Budhathoki et al. (2018) Int. J. Appl. Sci. Biotechnol. Vol 6(3): 238-243 This paper can be downloaded online at http://ijasbt.org&http://nepjol.info/index.php/IJASBT
The FTIR spectra of all these fired clay brick samples show that they are mainly composed of quartz (796-773, 693-687 and 469-470 cm -1 ). The absorption peak at 796-773 region became more intense for three tile samples of TF-2, TA-33 and TA-34 as shown in Figs 4 (a), 4 (e) and 4 (f) than other three tile samples analyzed here. It is meaningful for mentioning here that the previous research work reported a FTIR absorption peak chosen at around 779 cm -1 to be more suitable for qualitative amount of quartz in clay bodies (Reig et al., 2002) . On the other hand, the presence of feldspar can be explained by Si-O-Al compounded vibrations at 775-780 cm -1 . These assignments are in good agreement with that previously reported for quartz and feldspar (Hlavay, 1978) . On the other hand, there is a weak and very broad absorption peak in the range of 550-545 cm -1 in the tile samples indicated that the fired tile bodies available in Kathmandu valley contains a trace amounts of hematite. The similar result of the FTIR absorption peak at 540-550 cm -1 due to the presence of hematite in the fired ceramic bodies was reported in previous works also (Velraj et al., 2009a (Velraj et al., , 2009b .
Conclusions
The mineralogical phases present in six contemporary ceramic tiles available in Kathmandu valley and two ancient ceramic tile samples from the historical temples of Bhaktapur and Patan were characterized using XRD and FTIR techniques in this study. Following conclusions are drawn from the above results and discussion.
I.
Mineralogy phases present in the ceramic brick samples are found to be composed mainly of quartz, feldspars, spinel, mullite, paragonite and hematite based on the XRD patterns and FTIR spectra analyses. II.
It can be assumed that the disappearance of diffraction peaks for feldspars and appearance of mullite peaks through the alumina-rich spinel phase in all eight brick samples used in this study indicated that the firing temperature of these bricks should be around 1000°C or high.
